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(57) ABSTRACT

The invention relates to an apparatus (7) for operating a
resolver (1), which has at least one receiver winding (3, 4)
or at least one excitation winding (2), which are/can be
associated with a rotatably mounted shaft (5), 1n particular
a rotor shait of an electric motor, said apparatus also having
a device (9) which determines an angular position of the
shaft (5) as a function of an induced voltage detected by the
excitation winding (2) by means of a desired excitation
signal (SES) with a predeterminable frequency and ampli-
tude and by the receiver winding (3, 4). According to the
invention, means (10) for limiting an electrical voltage on
the excitation winding (2) are associated with the excitation
winding (2), wherein the means (10) limit the voltage only
above a maximum normal voltage in only one current
direction.
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METHOD AND APPARATUS FOR
OPERATING A RESOLVER, AND RESOLVER
DEVICE

BACKGROUND OF THE INVENTION

The 1nvention relates to an apparatus for operating a
resolver, which has at least one receiver winding and at least
one excitation winding, which are/can be associated with a
rotatably mounted shaft, in particular a rotor shaft of an
clectric motor, said apparatus also having a device which
determines an angular position of the shaft as a function of
an mduced voltage generated by the excitation winding by
means ol a desired excitation signal, which can in particular
be predetermined by the device and has a predeterminable
frequency and amplitude, and said induced voltage 1is
detected by the receiver winding.

The mmvention furthermore relates to a method for oper-
ating such a resolver as well as a resolver device.

Aresolver 1s frequently used to detect the angular position
of a rotor of an electric motor even in the motor vehicle
industry. The resolver constitutes an electromagnetic trans-
ducer, which transmits an electrical variable, 1n particular a
voltage, as a function of the angular position of the rotor. To
this end, the resolver generally has a housing in which two
receiver windings are disposed which are oflset to one
another by 90% and which enclose the rotor rotatably
mounted in the housing. At least one excitation winding 1s
furthermore associated with the rotor, said excitation wind-
ing being operated with a predeterminable desired excitation
signal, which has a predeterminable frequency and a prede-
terminable amplitude. The excitation winding as well as the
receiver winding can be fixedly disposed in the housing,
respectively on the stator side, wherein the excitation wind-
ing generates a magnetic field in the rotor or respectively 1n
the shatt per induction, which 1n turn imnduces a voltage into
the receiver winding. The coupling in the receiver winding,
1s 1n this case dependent on the position of the shaft or
respectively the rotor, so that the position of the rotor or
respectively the shaft can be suggested by evaluating the
signal induced nto the receiver winding.

The resolver 1s typically connected to a corresponding
evaluation device or a control device by means of a simple
plug connection comprising a corresponding evaluation
device or a control device. If the resolver 1s incorrectly wired
in or connected so that the connections of the excitation
winding are interchanged, this leads to the detected position
information being inverted.

SUMMARY OF THE INVENTION

The apparatus according to the invention has the advan-
tage that an 1ncorrect wiring, for example in the sense of a
reversal of the connections of the excitation winding of the
resolver can be reliably recognized using simple means.
Provision 1s made according to the invention for means to be
assigned to the excitation winding for limiting an electrical
voltage at the excitation winding, wherein the means limit
the voltage only above a maximum voltage in only one
current direction. By a comparison of the desired excitation
signal supplied to the excitation winding with the actually
present actual excitation signal, 1t can now be suggested
whether the resolver was wired up correctly or incorrectly,
in particular whether the excitation winding 1s correctly or
incorrectly wired, respectively 1s connected with reverse
polarity. The device 1s expediently designed for test pur-
poses to increase, in particular to double, the excitation
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frequency and the excitation amplitude of the desired exci-
tation signal; thus enabling a voltage above the maximum
normal voltage to be specified at the excitation winding.
Depending on the wiring, the actual excitation signal 1s then
influenced by the means such that the amplitude of the actual
signal with respect to the amplitude of the desired excitation
signal 1s distorted or respectively displaced. A correct or
incorrect wiring can thus be suggested by comparing the
amplitudes.

The means preferably comprise a Zener diode and a diode
connected 1n series with the Zener diode. As a result, a
voltage limitation can be implemented 1n only one current
direction 1n a simple and cost effective manner. Of course,
alternative embodiments of the means are also conceivable.

According to an advantageous modification to the
embodiment, provision 1s furthermore made for the Zener
diode and the diode to be connected in parallel to the
excitation winding 1n order to implement the voltage limi-
tation.

Provision 1s furthermore preferably made for an evalua-
tion device that 1s associated with the excitation winding to
be provided, said evaluation device acquiring the actual
excitation signal and comparing the same to the desired
excitation signal. As a result, the previously described
comparison 1s carried out.

Provision 1s furthermore made for the device for a test
operation to double the frequency and/or the amplitude of
the of the desired excitation signal as mentioned earlier. In
principle, 1t 1s expedient 1f the device increases the fre-
quency and/or amplitude of the desired excitation signal.
The simultaneous doubling of amplitude and frequency
achieves the fact that the amplitude of the current does not
change 1n the inductance of the excitation winding.

The method according to the invention 1s characterized 1n
that the amplitude and the frequency of the desired excita-
tion signal are increased for a test operation, 1n particular
doubled, and i1n that an actual excitation signal of the
excitation winding 1s acquired and 1s compared with the
desired excitation signal i order to recognize a correct or
incorrect wiring. The recognition of the wiring 1s carried out
as previously described, and the previously mentioned
advantages result.

Provision 1s furthermore preferably made for a correct
wiring to be suggested 1f a positive amplitude of the actual
excitation signal deviates from the desired excitation signal
and for an incorrect wiring to be suggested 1f a negative
amplitude of the actual excitation signal deviates from the
desired excitation signal. In this way, a simple determination
of the circuit 1s possible.

Provision 1s furthermore preferably made for a correct or
incorrect wiring to be suggested as a function of a time phase
in which the voltage 1s limited at the excitation winding by
the means. In so doing, 1t can be alternatively or additionally
recognized (for a plausibility check) 11 the excitation wind-
ing 1s, for example, correctly connected to the control device
or an end stage of the control device or 1s connected the
wrong way around. The positive or negative amplitude of
the excitation signal can be determined as a function of the
time phase and thereby determine at which amplitude a
distortion by the voltage limiting means 1s elicited. Accord-
ingly, a correct or polarity-reversed/incorrect wiring can be
suggested as a function of the distortion or respectively
deviation from the desired amplitude as previously
described. Further features and advantages ensue from the

above description.

BRIEF DESCRIPTION OF THE DRAWINGS

The resolver device according to the invention 1s charac-
terized by the apparatus according to the mmvention, which
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particularly carries out the method according to the inven-
tion. The previously mentioned advantages ensue thereby.
The invention 1s explained below 1n detail with the aid of the
drawings. In the drawings:

FIG. 1 shows a resolver 1n a simplified depiction;

FIG. 2 shows an advantageous resolver device; and

FIG. 3 shows excitation signals of an excitation winding
of the resolver.

DETAILED DESCRIPTION

In a simplified depiction, FIG. 1 shows a conventional
resolver 1, which comprises an excitation winding 2 and a
first recerver winding 3 and a second receiver winding 4. The
receiver windings 3 and 4 are disposed around a shaft 5 and
offset by 90°, which, for example, 1s a rotor shaft of an
clectric motor. The shaft 5§ i1s rotatably mounted and can
carry the excitation winding 2, wherein the excitation wind-
ing 2 can, for example, be electrically contacted by means of
slip rings and brushes. According to the present exemplary
embodiment, provision 1s however made for the excitation
winding 2 to also be associated with the rotor so as to be
fixed to the stator or respectively fixed to the housing in
order to inductively couple a magnetic field into the rotor for
the purpose of operating the excitation winding 2 with an
excitation signal with a predetermined amplitude and fre-
quency.

The shatt 5 1s, for example, connected to the output shaft
of an electrical motor 1n a rotationally fixed manner so that
the angular position of the shaft 5 corresponds to the angular
position of the output shaft of the electric motor or respec-
tively the rotor. It 1s also conceivable that the output shait of
the electric motor directly forms the shaift 5.

During operation, the excitation winding 2 1s excited by
means ol a desired excitation signal with an AC voltage,
which generates a magnetic field i the shaft 5, which 1s
detected by the receiver windings 3 and 4. The phase
position of the voltage induced by the excitation winding 2,
which 1s detected by the receiver windings 3 and 4, then
depends on the position of the shait 5. At an angular position
of 0°, the maximum coupling of the magnetic field 1nto the
cosine track or respectively mto the recerver winding 3 takes
place. At an angular position of 90°, the maximum coupling
of the magnetic field into the sinus track or respectively into
the recerver winding 4 takes place. At an angular position of
45°, the magnetic field 1s coupled proportionally nto the
receiver winding 3 and the receiver winding 4. During a
rotation of the rotor or respectively the shait, the revolver 1
thus delivers a position modulated AC voltage to the
receiver windings 3, 4.

Alternatively, the excitation winding 1s excited by means
of a sinusoidal AC voltage. In this case, the amplitudes of the
voltages induced 1n the receiver windings 3 and 4 are
dependent on the angular position of the shaft 5 and corre-
spond to the sine and the cosine of the angular position of the
shaft 5.

The resolver 1 1s a component of a resolver device 6,
which furthermore comprises an apparatus 7 for operating
the resolver. The apparatus 7 particularly comprises a signal
generator 8, which, for example, has a voltage source and 1s
clectrically connected to the excitation winding 2 by means
of a first connection Al and a second connection A2. If the
connections Al and A2 are mterchanged, 1.e. the resolver 1
1s wired incorrectly to the signal generator, this leads to an
inversion of the angular information ascertained. With ret-
erence to the FIGS. 2 and 3, an advantageous modification
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to the apparatus 7 and a method are now to be explained,
which reliably recognize an incorrect wiring of the resolver

1.

To this end, FIG. 2 shows the resolver device 6 1n a
simplified depiction including the signal source 8 and the
excitation winding 2. In this case, only one connection Al of
the signal generator 8 1s indicated and the excitation winding
2 1s connected on one side to the connection Al and on the
other side to ground M.

The resolver device 6 furthermore has a device 9, which
actuates the signal source 8 and evaluates the induced
voltages acquired by means of the receiver windings 3, 4 in
order to determine the angular position of the shaft 3 as
previously described.

Means are associated with the excitation winding 10 for
limiting a voltage through the excitation winding 2 1 a
current direction. The means 10 comprise a Zener diode 11
and a diode 12 connected in series and are connected 1n
parallel to the excitation winding 2, wherein the Zener diode
11 has a blocking voltage of 12 volts 1n the present exem-
plary embodiment. In addition, an evaluation device 13 1s
associated with the excitation winding 2, said evaluation
device acquiring the actual excitation signal of the excitation
winding 2 and comparing the same to the desired excitation
signal, which 1s specified by the device 9. The device 9 and
the evaluation device 13 can also be formed by a single
device, such as, for example, a control device.

During normal operation, the device 9 controls the
resolver device 6 1n such a way that a desired excitation
signal 1s specified and implemented by the excitation wind-
ing 2. The voltage caused by excitation signal and induced
into the shatt 5 1s coupled into the receiver windings 3, 4 as
previously described in order to determine the angular
position of the shaft 5. The means 10 are thereby formed in
such a way that they, during the normal operation of the
resolver 1, do not limit the voltage and the current through
the excitation winding 2 and do not intfluence or respectively
impair the (normal) operation of the resolver.

In order to determine the correct wiring of the resolver 6
during a test operation, the device 9 changes the desired
excitation signal 1n such a way that the amplitude and the
frequency of the excitation signal are doubled. By the
simultaneous doubling of amplitude and frequency, 1t 1s
ensured that the amplitude of the current does not change 1n
the inductance. Preferably the excitation signal 1s generated
by a suitable electronic circuit, in particular by means of
pulse width modulation by a microcontroller, for example,
of the device 9 and preferably a filtering for a sinus signal
formation 1s carried out. By doubling the amplitude and the
frequency, the voltage predefined for the excitation winding
2 15 1ncreased beyond the maximum normal voltage. The
means 10 now act 1n a voltage limiting manner on the
voltage which 1s predefined at the excitation winding.

To this end, FIG. 3 shows the desired excitation signal
SES and the actual excitation signal IES plotted over the
time tin a diagram. In the first 500 us, the resolver 1s actuated
with the normal desired excitation signal. The actual exci-
tation signal corresponds to the predefined desired excitation
signal. After 500 us, the amplitude and the frequency of the
desired excitation signal are doubled. In wide time periods,
the actual excitation signal immediately follows the desired
excitation signal. However, in the time phase, in which the
means 10 bring about a limitation of the voltage due to the
larger amplitude, the positive amplitude of the actual exci-
tation signal 1s distorted and deviates from the amplitude of
the desired excitation signal.
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In the case of an incorrect wiring of the resolver, the
negative amplitude of the actual excitation signal 1s dis-
torted. Thus, by reading back the excitation signal or respec-
tively by acquiring the actual excitation signal ISE the
correct or mcorrect wiring of the resolver can be suggested
in a simple manner.

During operation, the excitation winding 2 1s, for
example, operated with 20 Vpp (Volt peak peak), whereby
the excitation signal SIN_HI oscillates between 10 volts and
20 volts and the excitation signal SIN_LO oscillates
mversely between 20 volts and 10 volts. During the test
operation, the amplitude would be increased to 40 Vpp and
the frequency preferably would be doubled i1n order to
prevent saturation effects. Subsequently, the excitation sig-
nal SIN HI then oscillates between 5 volts and 25 volts and
the excitation signal SIN_LO oscillates 1mnversely between
25 volts and 5 volts. The Zener diode 11 in series with the
conventional diode 10 between the connection HI and the
connection LO of the excitation winding 2 1s then active 1n
certain phases. This clipping 1s then recognized by reading
back the actual excitation signal as previously described.

The 1nvention claimed 1s:

1. An apparatus (7) for operating a resolver (1), which has
at least one recerver winding (3, 4) and at least one excitation
winding (2), which are associated with a rotatably mounted
shaft (5), said apparatus comprising:

a device (9) that determines an angular position of the
shaft (5) as a function of an induced voltage generated
by the excitation winding (2) by means of a desired
excitation signal (SES) with a predetermined frequency
and amplitude and detected by the receiver winding (3,

4), wherein the device 1s configured to increase the
desired excitation signal;

means (10) for lmmiting an electrical voltage on the

excitation winding (2), wherein the means (10) limats
the voltage only above a maximum normal voltage in
only one current direction; and

an evaluation device associated with the excitation wind-

ing, the evaluation device configured to detect the
increased desired excitation signal and compare the
increased desired excitation signal to an actual excita-
tion signal of the excitation winding 1n order to recog-
nize correct or icorrect wiring of the resolver.

2. The apparatus according to claim 1, wherein the means
(10) comprises a Zener diode (11) and a diode (12) con-
nected 1n series with the Zener diode (11).

3. The apparatus according to claim 1, wherein the Zener
diode (11) and the diode (12) are connected 1n parallel to the
excitation winding (2).
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4. The apparatus according to claim 1, wherein the device
(9) increases the desired excitation signal by increasing the
frequency and/or amplitude of the desired excitation signal
for a test operation.

5. The apparatus according to claim 1, wherein the device
increases the desired excitation signal by increasing the
frequency or amplitude of the desired excitation signal for a
test operation.

6. A resolver device (6), the resolver device comprising:

a resolver including at least one receiver winding (3.4)
and at least one excitation winding (2), which are
associated with a rotatably mounted shaft (35);

a device that, during normal operation, determines an
angular position of the shaft (5) as a function of an
induced voltage generated by the excitation winding (2)
by means of a desired excitation signal (SES) with a
predetermined frequency and amplitude and detected
by the receiver winding (3, 4), and, during a test
operation, increases the desired excitation signal and
compares the actual excitation signal to the increased
desired excitation signal 1n order to recognize correct or
incorrect wiring of the resolver.

7. A method for operating a resolver device, the resolver
device including a resolver that has at least one receiver
winding (3,4) and at least one excitation winding (2), which
are associated with a rotatably mounted shaft (5), the
resolver device also includes a device that determines an
angular position of the shait (5) as a function of an imnduced
voltage generated by the excitation winding (2) by means of
a desired excitation signal (SES) with a predetermined
frequency and amplitude and detected by the receiver wind-
ing (3, 4), the method comprising:

increasing, for a test operation, the desired excitation
signal (SES);

detecting, with an electronic processor, an actual excita-
tion signal (IES) of the excitation winding;

comparing the actual excitation signal with the desired
excitation signal; and

recognizing correct or incorrect wiring of the resolver
device (6) based on the comparison of the actual
excitation signal with the desired excitation signal.

8. The method according to claim 7, wherein recognizing
correct or incorrect wiring of the resolver device includes
recognizing a correct wiring when a positive amplitude of
the actual excitation signal (IES) deviates from the desired
excitation signal (SES) and recognizing an incorrect wiring
when a negative amplitude of the actual excitation signal
(IES) deviates from the desired excitation signal (SES).

9. The method according to claim 7, wherein recognizing,
correct or incorrect wiring of the resolver device includes
recognizing an incorrect or correct wiring as a function of a
time phase 1 which the voltage 1s limited by a zener diode
and a diode connected 1n series.
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